Abstract Aim: To investigate whether adding bevacizumab to neoadjuvant carboplatinpaclitaxel (CP) helps achieve optimal debulking, measured by complete resection rate (CRR) at interval debulking surgery (IDS), in patients with initially unresectable International Federation of Gynecology and Obstetrics stage IIIC/IV ovarian, tubal or peritoneal adenocarcinoma.
Introduction
Primary debulking surgery followed by adjuvant platinum-and taxane-based chemotherapy is the cornerstone of treatment for ovarian cancer. In patients with advanced ovarian cancer, neoadjuvant chemotherapy followed by interval debulking surgery (IDS) offers similar overall survival (OS) benefits as primary debulking surgery and is better tolerated [1e3] . An EORTC study investigated debulking surgery followed by six courses of platinum-based chemotherapy versus three courses of platinum-based neoadjuvant chemotherapy followed by IDS and three further courses of platinum-based chemotherapy [1] . Residual disease was <1 cm in 41.6% of the patients after primary debulking and in 80.6% of the patients after IDS. Median OS was similar between groups. Adverse event (AE) rates and mortality tended to be higher after primary debulking surgery. Based on these results, neoadjuvant carboplatin and paclitaxel (CP) chemotherapy is the standard treatment before IDS in patients with non-optimally resectable ovarian cancer. Regardless of which debulking strategy is used, the absence of residual tumour after surgery is the most important independent prognostic factor for OS.
Two randomised phase III trials (GOG218 [4] and ICON7 [5] ) in the first-line ovarian cancer setting reported that adding bevacizumab to CP, followed by maintenance bevacizumab monotherapy, was more effective than chemotherapy alone at improving response rates and progression-free survival after initial surgery. For patients with non-optimal initial surgery who are at high risk of progression, the addition of bevacizumab to CP also improved OS [5] .
In this study, we hypothesised that adding bevacizumab to neoadjuvant CP chemotherapy would help to achieve optimal debulking rate at IDS, as measured by the complete resection rate (CRR), in patients with initially unresectable International Federation of Gynecology and Obstetrics (FIGO) stage IIIC/IV ovarian, tubal or peritoneal adenocarcinoma, without increasing the incidence of postoperative complications.
Patients and methods

Study design
The Avastin Neoadjuvant Therapy in patients with Advanced ovarian cancer initialLY unresectAble (ANTHALYA), multicentre, open-label, non-comparative phase II study, randomised patients 2:1 to receive four cycles of neoadjuvant CP chemotherapy with (BCP group) or without (CP group) three cycles of bevacizumab 15 mg/kg (Fig. 1) . Stage IV disease, necessity of extensive/multiple bowel resection, high Fagotti score, extensive miliary peritoneal carcinomatosis,. usually classified patients as deemed unresectable. The extent of carcinomatosis was evaluated laparoscopically before neoadjuvant therapy and before IDS. IDS was scheduled 28 AE 7 d after the last neoadjuvant course. Adjuvant chemotherapy began 4e5 weeks after surgery for four cycles with bevacizumab reintroduced at cycle six (for a maximum of 26 cycles). All patients consented to serial blood sampling for further analyses. The trial was conducted at study sites with teams experienced in the multidisciplinary treatment of ovarian cancer.
The study was approved by the independent ethics committee of each participating centre and conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. Written informed consent was obtained from all patients before screening. The trial is registered (clinicaltrials.gov: NCT01739218).
Patients
Eligible patients were women aged !18 years with histologically confirmed, chemotherapy-naïve, high-risk FIGO stage IIIC/IV epithelial ovarian carcinoma, fallopian tube carcinoma or primary peritoneal carcinoma (deemed ineligible for primary complete debulking surgery by a surgeon experienced in the management of ovarian cancer during a laparoscopic procedure); an Eastern Cooperative Oncology Group performance status (ECOG-PS) 0e2; life expectancy !3 months; and eligible for CP chemotherapy. To ensure somehow a degree of inter-tumour homogeneity, women with ovarian tumour with low malignant potential, mucinous and clear cell ovarian cancer or carcinosarcoma, and those who had undergone previous systemic therapy for ovarian cancer, prior radiotherapy or major surgery were excluded (Appendix A details other exclusion criteria).
Treatment
The treatment period for each patient was approximately 21 months. Each cycle lasted 3 weeks. In the neoadjuvant period, all patients received area under the curve 5 mg/ mL/min of carboplatin and 175 mg/m 2 of paclitaxel intravenously on Day 1 (cycles 1e4); patients in the BCP group received 15 mg/kg of bevacizumab administered intravenously every 3 weeks (q3w) on Day 1 (cycles 1e3) in addition to CP. In the adjuvant period, all patients received area under the curve 5 mg/mL/min of carboplatin and 175 mg/m 2 of paclitaxel intravenously q3w on Day 1 (cycles 5e8), and all patients received 15 mg/kg of bevacizumab intravenously q3w on Day 1 (cycles 6e26). Bevacizumab, carboplatin, and paclitaxel were administered according to the protocol or until disease progression, the occurrence of an unacceptable toxicity, or at the patient's or treating physician's request (Fig. 1). 
Study objectives
The primary objective was to evaluate the benefit of neoadjuvant bevacizumab and chemotherapy assessed by the CRR at IDS (primary endpoint). The secondary objective was to evaluate the safety profile of bevacizumab added to neoadjuvant and adjuvant chemotherapy. The final analysis of the primary endpoint was conducted at the interim analysis of the trial after all patients had completed the post-IDS follow-up assessment.
Study assessments
Physical examination, vital signs, laboratory safety assessments, and recording of AEs according to the National Cancer Institute's cancer toxicity criteria for AEs (NCI-CTCAE; v4.03), were performed by the Investigator. Additional safety assessments (in line with local standard of care or those that were symptom-directed) were undertaken at the discretion of the treating physician. Verbatim reported AE terms were coded into standardised terms according to the industry standard Medical Dictionary for Regulatory Activities. Events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 4.03. Multiple occurrences of each event per patient were counted once at the maximum severity. Left ventricular ejection fraction was assessed at baseline and in case of symptomatic cardiac failure in which case it was repeated every 3 weeks until the resolution or stabilisation of the event. An independent safety data monitoring board regularly reviewed all safety data and a stopping rule was implemented during the neoadjuvant period, at IDS, and during 30 d following IDS in the BCP group if !20% of the patients experienced severe surgical or general complications related to bevacizumab (described in Appendix B).
Statistical method
The rate of complete resection at IDS with 95% onesided CI was assessed using Pearson-Clopper's exact method [6] . Complete resection was defined as the removal of all macroscopic residual tumour (completeness of cytoreduction [CC] score of zero). Patients not having IDS performed were considered as failure.
In the BCP group, the sample size calculation was based on a one-step phase II study using the Fleming A'Hern method [7] . Vergote et al. [2] had shown a CRR of 46.3% (51.2% in patients with IDS) for patients with FIGO stage IIIC/IV ovarian cancer after neoadjuvant platinum-based chemotherapy. Therefore a CRR of 45% (null hypothesis: P 45%) was considered insufficient evidence for the benefit of adding bevacizumab to chemotherapy (BCP group) in the neoadjuvant setting and a CRR of 65% (alternative hypothesis: P ! 65%) was considered as the minimal target of clinical efficacy. Accepting a type 1 error a Z 0.05 one-sided and type 2 error b Z 0.10, 54 evaluable patients were required in the BCP group. Proof of potential efficacy was considered if !31 patients had a CC score of 0. As the CP group was considered the 'calibration group' for the CRR and no comparison between treatments was expected, we used a 2:1 randomisation design. Therefore, the calibration group was planned to include 27 patients treated without bevacizumab in the neoadjuvant setting. Assuming a 10% drop out rate, a total of 90 patients were required: 60 in the BCP group and 30 in CP group. As 58 patients were ultimately included in BCP group, 33 patients with a CC score of 0 were required to reject the null hypothesis ( Fig. 2A) , with an actual type 1 error a Z 0.046 one-sided and type 2 error b Z 0.08 (power of 92%) [8] .
Efficacy and safety analyzes were performed in patients having received at least one administration of treatment. Efficacy analyses were performed in the modified intention-to-treat (mITT) population according to the assigned group at randomisation. Safety analyses were performed according to the actual treatment received (safety population). The primary endpoint was also assessed in two sensitivity analyses in the mITT population for whom IDS was performed, and the mITT population who received at least two cycles of bevacizumab.
Results
Patients
Between January 2013 and June 2014, 205 patients were screened at 15 French study sites, of which 95 were included in the mITT population (37 [39%] in the CP group and 58 [61%] in the BCP group; Fig. 3 ). Fifty-five (58%) patients received at least one treatment with bevacizumab and chemotherapy and 40 (42%) patients received only chemotherapy (safety populations). Baseline patient and disease characteristics were balanced between groups (Table 1) . Median age was 63 years (range 33e87 years), 94% of the patients had ECOG-PS 0/1, and 70% and 30% had FIGO stage IIIC and IV tumours, respectively. More than 90% of the patients had high grade and serous histological subtype tumours.
Mean neoadjuvant treatment exposure was 2.7 months (standard deviation [SD]: 0.5 months) and was balanced between groups. Mean bevacizumab exposure in the BCP group was 2.0 months (SD 0.3 months). Overall, 90% of the patients received all four planned neoadjuvant CP treatment cycles and 87% of the patients in the BCP group received all three cycles of bevacizumab. Eight (22%) patients from the CP group and 10 (17%) patients from the BCP group withdrew prematurely from the study (Fig. 3) .
Efficacy
Interval debulking surgery was performed in 62 patients (40 [69%] in the BCP group and 22 [60%] in the CP group; Table 2 ). The mean times from first study treatment administration to IDS laparoscopy and surgery were comparable between the two groups. Unresectable tumour assessed by laparoscopy before IDS was the most common reason for surgery not being performed in both groups ( Table 2) .
The CRR at IDS in BCP-treated patients was 58.6% (34 patients) with a one-sided lower 95% confidence interval of 47.0% (Fig. 2B) . Consequently, the CRR was significantly higher than the reference rate. In a sensitivity analysis limited to patients who underwent IDS (n Z 40), the CRR at IDS in BCP-treated patients was 85.5%. In patients from the mITT population who had at least two cycles of bevacizumab (n Z 52), the CRR was 63.5% and in the safety population the CRR was 61.8%. The CRR in CP-treated patients in the mITT population was 51.4% and 86.4% in CP-treated patients who underwent IDS (n Z 22).
Safety
Overall, 94 (99%) patients experienced at least one AE before or during the IDS period (Table 3) . Serious AEs (SAEs) were more frequent in the CP group versus the BCP group. The most common treatment-emergent SAEs in the CP and BCP groups were gastrointestinal disorders (13% versus 7%, respectively), infections and infestations (8% versus 9%, respectively), and respiratory disorders (10% versus 2%, respectively). Other SAEs seen in BCP-treated patients were: blood and lymphatic disorders (5%), vascular disorders (4%), general disorders (2%) and injury/procedural complications (2%). In the overall population, 59 (62%) patients experienced one AE of grade !3; these were blood and lymphatic (28%), gastrointestinal (13%), vascular (11%), and general disorders (10%), and infections and infestations (6%). One AE lead to death in the CP group; a bilateral pneumopathy after the third cycle.
Of the 62 patients who had IDS, 32 (52%) patients had at least one abnormal examination at 30 d post-IDS (both arms combined): 42% were abdominal, 18% gynaecological, and 8% gastrointestinal ( Table 4 ). The overall mean (AESD) duration of hospitalisation was 13 AE 7 d and the mean (AESD) duration of hospitalisation in the intensive care unit was 3.5 AE 3.2 d. In total, 27 (44%) patients needed blood transfusions following surgery. Postoperative complications occurred in 19 (31%) patients. Three (5.5%) patients in the BCP group experienced four surgical complications (all grade 4 haemorrhages) and one general complication (grade 3 thromboembolic event) of special interest to bevacizumab. . Four different situation are illustrated, two which indicate potential proof of efficacy (yellow diamonds and bars) and two which show insufficient evidence for efficacy (blue diamonds and bars; B) Results of the primary endpoint and sensitivity analyses in the mITT population who received at least two cycles of bevacizumab and the population of patients for whom IDS was performed. CP, carboplatin-paclitaxel chemotherapy; CR(R), complete resection (rate); BCP, bevacizumab plus CP; H0, null hypothesis; H1, alternative hypothesis; IDS, interval debulking surgery; mITT, modified intent-to-treat.
Discussion
This randomised study investigated neoadjuvant CP chemotherapy with and without bevacizumab followed by IDS in women with advanced ovarian or primary peritoneal cancer deemed unresectable in primary debulking surgery. We included a calibration group with conventional CP as we believed that the surgical effort would be the main driver of complete resection.
Neoadjuvant chemotherapy with bevacizumab achieved a CRR at IDS of 58.6% with a lower confidence limit of 47.0%, significantly higher than the threshold of 45% established based on the CRR rate reported in the EORTC study of neoadjuvant platinum-based chemotherapy followed by IDS (46.3%) [2] . Therefore, the primary objective of our study was met indicating proof of potential efficacy of the BCP combination. The CRR was high in patients who underwent IDS after neoadjuvant therapy (85.5%). The complication rate was acceptable, demonstrating the feasibility of administering bevacizumab in the neoadjuvant setting.
All patients had FIGO stage IIIC/IV ovarian cancer. At baseline, metastatic lesions were >10 and >5 cm in diameter in 28% and 63% of patients, respectively and were in line with the EORTC and CHORUS study populations [2, 3] , although the frequency of serous tumours (95%) was greater than in the EORTC study (58%). These broad similarities in patient characteristics justify the use of the CRR from the EORTC study as the reference rate in our statistical hypothesis. Patients in this study were enrolled in highly specialised centres. This may explain the relatively high CRR (51.4%) also observed in the CP group. While surgical effort was heterogeneous in the EORTC and CHORUS studies and was considered a limitation [2, 3] , surgical interventions in our study were typically more aggressive. We performed twice the number of bowel resections and four times the number of supracolic surgeries and fewer patients (65%) were considered eligible for IDS after neoadjuvant chemotherapy than in the EORTC study (88%) [2] . This suggests the decision to perform IDS is more adequately taken by trained surgeons working in experienced centres. Our good results may also partly be due to a highly selected, homogeneous population presenting mainly with high grade, chemosensitive ovarian carcinoma. This study is a phase II study and warrants additional studies to answer specific points as the centre effect.
Anti-angiogenic therapy with bevacizumab in the neoadjuvant setting could potentially increase the rate of operative and postoperative complications. The rate of pre-specified complications in bevacizumab-treated patients (5.5% overall) did not exceed the pre-defined 20% probability of toxicity threshold at any point during the study (thus the stopping rule for toxicity was not implemented) and was similar to that observed in the EORTC study, where 4.1% of the patients experienced grade 3/4 haemorrhage after three courses of neoadjuvant chemotherapy and IDS [2] . Importantly, the BCP regimen also did not increase the risk of perioperative complications in patients who ultimately did not undergo IDS.
Notably, patients in our study received four courses of neoadjuvant chemotherapy versus three in the EORTC and the CHORUS studies. Almost all patients in the CP group completed the four courses with similar complication rates as the BCP group. The addition of bevacizumab did not increase the rate of AEs or SAEs after neoadjuvant therapy compared with chemotherapy alone. Indeed, the serious adverse event rate in BCPtreated patients (25%) was comparable to the EORTC Table 1 Baseline and disease characteristics (mITT). Missing values are excluded from the calculation of percentages. a Eighty-one of 90 patients (90%) had high grade serous tumour (one patient had serous/endometrioid tumour). b Two patients with 'adenocarcinoma not specified' and one patient with mucinous tumour (initially unclassified). c Nine patients were grade 2, 75 patients were grade 3.
study (29%) [2] . The open-label design of this study had the potential to influence perioperative decisions, but, the expertise of the surgeons and objective evaluation of carcinomatosis using pre-specified photographs may have limited any potential bias.
In conclusion, adding bevacizumab to neoadjuvant chemotherapy achieved an encouraging CRR at IDS in patients with initially unresectable FIGO stage IIIC/IV ovarian, tubal, or peritoneal adenocarcinoma. Our data suggest that bevacizumab may be safely added to a preoperative program in patients deemed non-optimally resectable, whatever the final surgical decision. The role of bevacizumab in this setting should be further investigated. Abbreviations: CC, completeness of cytoreduction score; PCI, peritoneal cancer index; SD, standard deviation; mITT, modified intent-to-treat; IDS, interval debulking surgery. a Percentage are out of the number of patients in whom interval debulking surgery (IDS) was performed (carboplatin and paclitaxel, n Z 22; bevacizumab, paclitaxel and carboplatin, n Z 40; total, n Z 62). Table 4 Safety summary for patients with surgery performed (neoadjuvant and IDS periods combined).
Surgery performed
Carboplatin þ paclitaxel (n Z 22) Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event; IDS, interval debulking surgery. a N numbers in this table relate to actual treatment received and not study groups (i.e. if a patient was randomised to bevacizumab and carboplatin, but only actually received chemotherapy alone they would fall into the carboplatin group in the safety population).
b With incidence !5%.
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